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(54) Tide: DEVICE AND METHOD TOR ^mANS MYOCARDIAL REVASCULARIZATION 
(57) Abitract 

A device (22) for inscrticn into ths heart wail (25) 
suited for T^ans MyocaMial Revascularization CTMR) provid- 
ing means for the delivery from the heart daraber into the 
hczn wall (23) of Wood nutrients. The device (22) has z hoU 
low c-/!i.ndiical body (21) containing a eavity and ride ports 
(23) ::rjatcd within that cavity. The cavity is in fluid ccirjnu. 
nication with die heart chamber. 77ie side ports (23) art in fluid 
communication with the heart waU (2S). Distal and proximal 
end regions of the device (22) provide "^n t (65) to secure 
Uie device in the heart waU. la addition, a system (36) for the * 
inscniofl of the device (22) including a tubular body (dO) and 
a needle point (43) is disclosed. A mcAod for TMR includes 
the steps of dtspUccmcnt of rayocaidlal Uajuc, or creation of a 
channel m that tissue, and placement into heart wall (25) of t 
itcci (22) in the space generated by displaced Itisuc or dianneL 
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Device and Method for Trans Myocardial Revascular: 



xration 



Assignee: Energy Life Systems Corporation, Costa Mesa 
California. . ' 

Technical Field: 

This invention is generally directed to the fields of cardiac 
surgery and inter^^entional cardiology, and particularly to 
mechanical devices and methods suited for improving blood flow 
CO the heart muscle by Trans Myocardial Revascularization (tmr) 
Backgroimd of the invention: * 
Sytnptomatic occlusive coronary artery disease that does not 
respond to medical or interventional treatment is a major 
challenge for cardiac surgeons and cardiologists. The discovery 
of sinusoidal communications within the myocardium (Weams 19.3) 
has motivated researchers to attempt various methods for 
myocardial revascularization based oa the existence of th^'s 
vascular mesh network. These methods aimed at the delivery of 
oxygenated blood to the vicinity of the sponge-liJce sinusoidal 
plexus xn order to restore blood flow to the ischemic myocardium 
Zlll. '^;^'^^^-^-rs.^^ attempted to deliver oxygenated blood 

by elln '''' "'"^'^'^ '^""^'^^-l sinusoids 

^ employing needle acupuncture to create transmural channels 

Trans Myocardial Revascularization (tor, has been err^^t^d 

Clinically (Mirhoseini, ISSl, by utilising a CO, laser syrel .^ 

IZITV^"""'^^^ '"^"'^ '^'^ ventricular myocardium. 

These channels are typically 1 nm in diameter and extend 
throughout the wall thickness {15 to 20 mm, of the ventricle 
has been hypothesized that TMR works by providing a fluid conduit 
for oxygenated blood to flow f rem the endocardiac surface (heart 
Chamber) to the myocardium inner lay.rs thus providing oxygenated 
blood to myocardial cells without requiring coronary circulation- 
as m reptiles. Animal studies in the canine model have 
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demonstrated th. feasibility of this approach. l„ these studio 

an increase in survival rate «s demonstrated in do„ that ha^ 

transmural channel, and lioat«i coronary arteries 

«hUe clinical studies have demonstrated itprovementa Bati«,t 

status follcing T«R. histological studies indicate th«\t 

Channels created for T«R t«,d to close shoniy after T 

procedure. Randomized, prospective clinical trial, ar. "/ervt 

to e«am.„. the merit of ™r compared to medical treatment xHh^ 

n^antime, research studies are being initiated to'rovide an 

understanding of the mechanism by which Tm actually 

it would be desirable to develop means for maJai^n!' th. 

patency of tmr channels created within "'"^'^"^"^ 

-«hermore, it be desirable to create ^eTr ™ 

without retiring the use of an expensive and bulk, iL J 

such as the currently available CO. laser syst^^i^r™™ 

=: ttt r^Lr/o ~" 

...ire laser applicatr f^ g^Tt i^:. tar. . ^° 
specifically, the objective of the present invention U to 
wall, and to place in these channels lor space) an a-rav !J 

™ ch-To: rv-ir— r j^^se-f:: 

1. «CTorted by the recent scientific eviden'; 
P otec. lachemc tissue. Mhittaker et al assessed myocardial 

7"= " channrr^i 

fld^h . ch ? """'"^ circulation, ^e^ . 

=r""e " ""-^ ">.se channels 

c;°Ited " ^"'■-'"ic than Channels 

created by laser. The limitation of needle-made channels is early 
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Closure (Pifarre. 1969,. me disclosed stenting approach offers 
a possible solucicn to .he early closure prcMem JhUe ^ 
advantage of single and effective needle-^de channels for J;;' 

' Sunnary of the invention: 

This invention provides stent and needle meai.s for creatine . . 

nia.ntaxn.ng a patent lumen in the diseased myocardlL 

provides a conduit for the flow of blooTTt^rts f^^T 

ventricular chani^er to the intranyocardial vasculat ! 

stent can he used as the sole th^ap. or as TnT^™: ^ 

to aOier Sorais of imr. Jmccave therapy 

Reva5a.lari»tion of the nyocardiu. can l« a^hiav^d . 
™n.d by creating stenced, needXe.«.e, ct^^lT^7' T 
myocardial tiaeue. These channels can allow b'-d , 
Within th. l.,c ventricular cavity to tllT 
ischemic zones within the ventricular wall inlp ^1 /of"a" " 
through the coronary arteries. «P«aent of access. 

Various configurations of the stent are disclosed ■ , . 
flexible and rigid stents, screw stents. 

.er.nater:c^re:™.rce-=^TroS:e:^^^^ 
Closure »eans to prevent stant datachoent al-^d leakage o1^'" 
from the ventricle. -teaxage of blood 

3tent is designed so as to maintain an adecraate nr.„ 
gradient becwepn rh^ ^ • . <*aequace pressure 

order to n^iTtain the , "^^"''^'^ - • 

o maintain the flow from the ventricular cavitv r« 

•nyocardial tissue of blood nutrients '° '""^ 

^ --'^y can 

bloL r operation so as to enhance the flow of 

blood to myocardial tissue. Each stent can essentially opl ° 

:rr:rir si~ contractir: 

^-luding the . 

screw a!^ ^ helical 

acre^, and pumping (active) stent. The stent can h. / 

•■'i's scene can he prestreased 
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or made from memory metal in order to minimize the siz- of th^ 
scent during the insertion process. 

Brief description of the drawings: 
In the drawings: 

Figure 1 is a cross-sectional view of a TMR stent inserted in a 
heart wall. The sent is configured as an expandable coil spri-, 
having an integral anchoring wire. 

Figure 2 is a cross- sectional view of a TOR stent having the 
configuration of a rigid sleeve having side ports. 

Figure 3 is a cross -sectional view of a tor stent having tho 
configuration of a hollcv.- screw with side ports. 

Figure 4 is a cross- sectional view of a TOR stent having th- 
configuration of a wire screw. 

Figure S is a cross sectional view of a flexible stent havina an 
integral anchoring coil. 

Figure 6 is a cross- sectional view of a tor stent having the 
configuration of a miniature pwap. 

Figure 7 shows a device and method for insertion into the hear- 
wall of a TOR stent. 

Figure a shows an alternate device and method for insertion into 
the heart wall of a TOR stent. 

Figure 9 shows a catheter device and method utilizing a 
percutaneous access for insertion of a TOR stent into a nesd^e- 
inade space within the heart wall. 

Fig-are 10 shows an alternate catheter device and method utiliziac 
a percutaneous access for creating a channel in the heart wall' 
and for insertion in this channel of a TOR stent. 
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Descriptioa of preferred embodiments- 

defxxung a cav.ty 22 and spacing 23 between the tur J of L ^ 

sprang body. x„ ..^3 e^odi.ent, blood nutrients flTf.lT 

heart chartoer 24 to the heart wall 25 by oassaa. ^u 

spring cavity 22 and spacing 23. ^ Llr n^L^^^^^^^^^^ 

stent to the heart wall. ^^'^""^ ^« 

Figure 2 shows a rm stent which conorises a tubular , 

■ ::^i:r:^nt"re;rr^^ r ^-^^^-^^^ -o.^- hir^ 

the heart^^iTl ' ' ' '''^ 2. to 

figure 3 shows a rm stent which is a hollow screw • 
threaded body cavity xo, side ports ix, cloLe .T a^rslot' 
15. in tbis en^di^enc, blocd nutrients flow frol thT he'rt 

:^:tdV:o::sTi."^" - — --^ - 

in this e^odi^ent. blood nutrients florfrL t.e hLTl"^"' 

Figure 5 shows a flexible scent having a coil bodv 2fi » ^ 
aachorina coil 77 «h,-^v, 4 ^ and an 

-"^g coij. 27 which is an integral part of hho »k 

~g coil prevents detachment 'of th^e 'LI LT hea^^ 

I'Zll T "^^""^ ^ cylindrical body 28 defining 

a cavxty 29. A valve 30. punning ele:nent 31, and side ports 32 
are situated within the cavity 29 Tn this e=^„^- 
nutrients flow fr-r™ w ^ this embodiment, blood 

I^e valve 30 is activated and the pun:ping element 31 operates 
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to displace the blood from the pumpincr cavity 29 through side 
ports 32 to the heart wall 34. 

Figure 7 shows the construction and method of use of a delivery 
device for creating a pathway in the heart wall and for placement 
of a myocardial stent in this pathway. In this figure, a needle 
obturator 36 carries a stent 35 having an anchoring wire 37. The 
obturator and stent are inserted through the heart wall 38 until 
the endocardiac surface is reached. Additional in^rovements 
include a channel 66 that is placed in the obturator body to 
provide indication that the obturator^s distal end 67 has crossed 
the endocardiac surface 39. 

Figure 8 shows the construction and method of operation of an 
alternate delivery system for placement in the heart wall of a 
TMR device. Figure 8A shows a delivery system having a pin 40 and 
handle 41 having a locking device 42. An obturator 43 is mounted 
in the pin 40. The obturator 43 has a recess 44 (Figure 8B) to 
engage the distal end of a TMR device 45. The pin 40 has a recess 
46 (Figure 8B) to engage the proximal end of a TMR device 45, The 
method of use involves the placement of a TMR device 45 over an 
obturator 43, The pin 47 is then rotated to create a radial 
stress on the TWR device 4 8 (Figure 8D) . The pin 47 is locked 
into the handle 49 (Figxire 8C) . Advancement trough the heart wall 
50 of the obturator and TMR device is achieved by pressing the 
obturator through the heart wall (Figures- 8E, 8F) . The pin 51 is 
released from handle 52 by withdrawing the locking device 53 
(Figures 8G, 8H) . This causes the TWR device 54 to be released 
from the obturator 55. The obturator 55 is then pulled back from 
the heart wall 56 leaving the TMR device 57 imbedded in the heart 
wall (Figure 81) . 

Figure 9 shows a catheter 58 having a slidable wire 59 which 
terminates at its distal end into a needle point 60. A stent 61 
is mounted proximal to the needle point. Advancing the needle 
spreads the heart wall tissue and positions the stent into that 
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tissue. Withdrawal of the needle releases the stent in the heart 
wall. 

Figure 10 shows a catheter 62 which incorporates a slidable wire 
63 that terminates at its distal end into a drill or other 
mechanical attachment for making holes in the heart wall tissue 
A stent 64 is mounted proximal to the drilling tool on the 
slidable wire. Advancing the drilling tool creates a channel in 
the tissue and positions the ste.it in this channel. Withdrawal 
of the drilling tool releases the stent in the heart wall. 

The disclosed IMR device is expected to incorporate a cavity 
having a dianeter in the range of 1-5 millimeters and a length 
in the range of 10-30 millimeters. The body of the TlAR device is 
made of a bio-con?)atible material that resists clot formation; 
such as stainless steel. The TMR device may also be coated with 
a material, such as gold or carbon, that further reduces thrombus 
formation at the surface of the TOR device. The tmr device may 
also be made from carbon, gold, platinum, or other suitable 
materials. 



The number of TOR devices used for each patient depends on the 
size of the device and the surface area of the heart segment that 
is being revascularized. For example, a small segment may require 
only one tmr device while a large segment may require 10 TMR 
devices to be inplanted in the heart wall. 
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We claim: 

1. A device suitable for Trans Myocardial Rev-ascularizacion 
(TMR) , wherein the improvement cororises a body which can 
be implanted in a heart wall in order to provide a conduit 
for the flow of blood nutrients from a heart chamber to 
said heart wall. 

2. The device in accordance with claim l wherein said body 
includes a cavity that is in fluid communication with a 
heart chamber, 

3. The device in accordance with claim 2 wherein said device 
is made frcm a material that resists thrombosis. 

4. The device in accordance with claim 2 wherein said cavity 
is coated with a material that resists thrombosis. 

5. The device in accordance with claim 2 wherein said body is 
made from a memory metal alloy. 

6 A device in accordance with claim 1 wherein said body 
includes a cavity that is in fluid communication with a 
portion of the heart wall. 

7. The device in accordance with claim 1 wherein said body is 
rigid. 

8. The device in accordance with claim 1 wherein said body is 
flexible. 

9. The device in accordance with claim 1 wherein said body is 
expandable. 

10. The device in accordance with claim 1 wherein said body is 
tubular. 
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11. The device in accordance with claim lo wherein said tubular 
body is a rigid sleeve having at least one side port. 

12. The device in accordance with claim lo wherein said tubular 
body is a spring. 

13 . The device in accordance with claim lO wherein said tubular 
body is a hollow screw having at least one side port. 

14. The device in accordance with claim 10 wherein said tubular 
body is a hollow wire screw having at least one side port. 

15. The device in accordance with claim 1 wherein said body 
includes a cavity and said cavity terminates at one end 
into a closure means. 

16. The device in accordance with claim l wherein said body 
includes means for securing said device to the heart wall . 

17. The device in accordance with claim i, further including 
valve means in said body. 

IB. The device in accordance with claim l, further including 
purrp means in said body. 

19. A method for performing TOR consisting of the following 
steps: 

a. Identifying a portion of a heart wall that is targeted 

for treatment by TOR; 
i>. Obtaining access to the heart wall; and 

Inserting a TOR device into the heart wall. 



c. 
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20. A method for performing TKR consisting of the following 
seeps : 

a. Identifying a portion of a heart wall that is targeted 
for treatment by TMR; 

b. Obtaining access to the heart wall; 

c. Creating a channel in the heart wall; and 

d. Inserting a TMR device into the heart wall. 

21. A delivery system suitable for delivery to a heart wall of 
a TOR device, characterized in that said delivery system 
consists of the following: 

a. Means to carry said TMR device; 

b. Means to penetrate the heart wall; and 

c. Means to release said TMR device within the heart 
wall. 

22. A method for the placement in a heart wall of a suitable 
TMR device, said method including the step of insertion of 
said TMR device into the heart wall. 

23 . A method in accordance with claim 22 wherein said insertion 
is accomplished by turning the TMR device into th«» heart 
wall. 

24. A method in accordance with claim 22 wherein said insertion 
is accottplished by pushing the TMR device into the hear^ 
wall . 

25. A method in accordance with claim 22 wherein said insertion 
is performed by ettcloying mechanical means. 

2S. A method in accordance with claim 22 wherein said insertion 
IS facilitated by the use of obturator means for spreading 
the heart wall during said insertion of said TMR device. 
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27, A method in accordance with claim 22 wherein said insertion 
is facilitated fay the release into the heart wall of an 
expandable pre- stressed TT4R device. 



2a. A delivery device for inserting a TT-IR stent into a heart 
wall; said delivery device characterized in that a tubular 
body carries the stent and inserts said stent in the heart 
wall. 

29. The delivery device in accordance with claim 28 wherein 
said delivery device has a needle point for creating a 
pathway in the heart wall. 

30. The delivery device in accordance -.rith claim 28 wherein 
said delivery device has means for insertion of the stent 
into said pathway. 

31. The delivery device in accordance with claim 28 wherein 
said tubular body has proximal and distal ends, and said 
delivery device has a channel that is in fluid 
communication with said proximal and distal ends. 



wo 97/32551 

PCT/US97/03S23 

12 

AMENDED CLAIMS 

[received by the International Bureau on 5 August 1997 (05 08 97)- 
original claims 1-18 amended; remaining claims ' 
unchanged (3 pages)] 

1. A scent fcr Trans Myocardial Revascularizacion in a 
pardon cf a heart wall wherein the improvement 
coir.prises: an elongated body; the elongated body 
being adapted to be secured in an opening formed in 
a heart wall and including means for holding the 
elongated body in place in the heart wall openina. 

2. The stent of claim 1 wherein the elongated body has 
an outside, surface and an inside surface, and 
includes an internal cavity bound by the inside 
surface. 

3. The scent of claim 2, further including at least one 
opening connecting the internal cavity to the 
outside surface. 

4. The stent of claim 1 wherein the elongated tubular 
body is a rigid sleeve with at least one opening 
comprising a side port therein. 

5. The stent of claim 4 wherein the rigid sleeve has a 
plurality of side ports therein. 

6. The stent of claim 1 wherein the elongated tubular 
body is a spring, 

7. The stent of claim 1 wherein the elongated tubular 
body is a hollow screw with at least one opening 
comprising a side port in the hollow screw. 

8. The stent of claim 7 wherein the hollow screw has a 
plurality of side ports therein. 

9. The stent of claim 1 wherein the elongated tubular 
body is a hollow wire coil with at least one opening 
comprising a side port therein. 



AMENDED SHEET (AffnCLE 19) 
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10. The scent of claim 9 wherein che hollow wire ceil has 
a plurality of side ports therein. 

11. The stent of claim 1 wherein the elongated tubular 
body has an internal cavity with two ends, and one of 
the two ends closes the cavity at that end, 

12. The stent of claim 1 wherein the means for securing 
the elongated body in place in an opening comprises an 
integral anchoring means. 

13 . The stent of claim 12 wherein the elongated body is a 
spring having two ends and the integral anchoring 
mean? comprises a seem and an arm recured to one of 
the two e.nds. 

14. The stent of claim 12 wherein the elongated body is a 
rigid sleeve having two ends with a plurality of 
openings extending through the rigid sleeve; and the 
integral anchoring means comprises a retaining means 
formed at one of the two ends. 

15. The stent of claim 12 wherein the elongated body is 
rigid and has two ends with a screw thread being 
formed on the outside surface thereof; and a plurality 
of openings are formed in the elongated rigid body 
extending from the internal cavity to the outside 
surface. 

1€. The stent of claim 15 wherein the screw thread formed 
on the outside surface is the integral anchoring 
means . 
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17. The stent of claim 12 wherein the elongated body is a 
hollow wire coil having two ends and a plurality of 
openings formed therein; and the integral anchoring 
means comprises a mechanical anchor formed at one of 
the two ends, 

18. The stent of claim 1, further including valve means 
and pump means secured in the elongated body, 

19. A method for performing Tr4R consisting of the 
following steps: 

a. Identifying a portion of a heart wall that 
targeted for treatment by TMR; 

b. Obtaining access to the heart vail; and 

c. Inserting a TMR device into the heart wall. 
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STATEMEiNT UNDER ARTICLE 19 



J?%f!? ""f^^ ®' S and SA contain new claims l through 18 

If.iV"^^^ =^5^"^ ^ '^^""Sh 18. Claim 1. the only indlpladent 
claim, now specifically claims an elongated bcdy, and that the 
elongated body is adapted to be secured in an opening fomed in f 
o?S i^^k.^^^ includes means for holding the elonfatsd body 
PASC^ m the heart wall opening. ^ 

^i^^P^ I through 18 are dependent on claim l. and have been 
modified to include further specific structure. 

iSr-h ;-P^^5*'°«n':. claims 1 through 18 are felc to more properly set 
forwh Che inventive stent, in view of the cited patents included 
"'^i^'-^'u^ Notification of the 24th of April. NothiS^ new hSd beS 
"??ed ''an'd'tL''":? ^^^'"^ I through la/since the spf c?IIca??on S 
fea^Sres ^^^wings discuss and show all of the claimed 
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